ABSTRACT -The purpose of the present investigation is to evaluate the restraining effects of protecting jackets attached from the pre-mating period and thereafter up to completion of the fetal organogenesis in rabbits. Forty (40) Kbl:NZW mated rabbits 6 to 10 months of age were divided into 2 groups of 20 animals each. Animals in the treatment group (hereinafter referred to as JK group) were dressed in protecting jackets from Day −9 prior to mating (hereinafter referred to as GD −9) to GD 19 and another group of animals without protecting jackets was used as a control. The major restraining effects noted were decreases in body weight gain and food consumption, which were marked in the first 9 days of jacketattachment during the pre-mating period. The decrease in body weight was still apparent over the whole gestation period. However, the mean body weight of the JK group finally reached the baseline level of
INTRODUCTION
This is the second article where restraining effects and acclimation to protecting jackets (hereinafter referred to as jacket) in pregnant rabbits are discussed. In the previous paper , a slight decrease in body weight gain was reported in animals subjected to jacket wearing from gestational day (hereinafter referred to as GD) 0 when compared to animals that were subjected to jacket wearing from GD 6. In the present study, animals were subjected to jacket wearing from pre-mating through the fetal organogenesis period, and the results were compared to those obtained in the previous one.
MATERIALS AND METHODS

Animals
Forty female mated rabbits (New Zealand White, Kitayama Labes, Co., Ltd., Nagano, Japan) were used in the study. Animals were 6 to 10 months-old. They were kept in an animal room under routinely controlled conditions, and fed pellet diet RC4 (Oriental Yeast Co., Ltd., Tokyo, Japan) and tap water (Fujimi Water Union, Shizuoka, Japan) via an automatic water supply system and/or bottles ad libitum. All experimental procedures were performed in accordance with the animal welfare guidelines of the Bozo Research Center Inc. Jackets employed were custom-made "Animal Jackets" (Lomir Biomedical Inc., Que. Canada) for rabbits.
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Methods
Mating was performed according to the routine manual of the laboratory, and the day of successful mating was defined as GD 0. The study was composed of 2 groups consisting of 20 mated animals each; animals in the first group were non-treated (NT group), and animals in the other group wore jackets from GD −9 to 19 (G −9 group). All animals were observed for general condition daily from GD −9 to 28, and body weight was measured on GD −9 to 20, 22, 24, 26 and 28 during the study. Food consumption was calculated based on the amount of uneaten food from GD −8 to 20, 22, 24, 26 and 28 during the study.
On GD 28, all the dams were euthanized under anesthesia by injection of pentobarbital sodium solution, and subjected to cesarean section, intrauterine observation, visceral and skeletal development examination of the fetuses according to the standard operating procedures of the laboratory. For pregnant animals, the ovaries and uterus were excised. The numbers of corpora lutea, live fetuses and resorbed/dead fetuses were classified according to the time of death and counted. For all fetuses, internal organs in the thoracic cavity (except internal observation of the heart) and those in the abdominal cavity were observed macroscopically for abnormalities. The brain and heart were excised, fixed in phosphate-buffered 10% formalin, and observed for abnormalities or variations by Wilson's free-hand razor method for the brain and by the micro-dissection method for the heart. All fetuses were fixed in 95% alcohol and subjected to alizarin red S staining by Dawson's method to prepare skeletal specimens. For all fetuses, skeletal specimens were observed for skeletal abnormalities or variations and examined for the progress of ossification by counting the numbers of metacarpal phalanges, metatarsal pha- Fig. 1 . Body weight changes in pregnant rabbits after putting on protecting jackets. Data were expressed as percentile changes from baseline value on gestational day −9. Protecting jackets were put on animals on gestational day −9. The symbols and bars represent the mean ± SD. (NT group); (JK group); **: p<0.01, significant difference from Non-treated group (Student's t-test); ##: p<0.01, significant difference from Non-treated group (Aspin-Welch t-test).
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Statistical analysis
Data of body weight gain and food consumption meas urements, and uterine examination were expressed as group mean with standard deviation (SD).
Significance of differences between the two groups was tested after analysis of the data for homogeneity of variance by F-test (Snedecor and Cochran, 1980) . Mean values were compared between the two groups by Student's t-test or Aspin-Welch's t-test (Snedecor and Cochran, 1980) . For the indexes of implantation, embryo-fetal deaths, external abnormalities, visceral abnormalities, visceral variations, skeletal Table 1 . Body weight changes following putting on protecting jackets expressed as percentile changes from baseline value on gestational day −9 of jackets in comparison with that in the Non-treated group. Table 2 . Body weight gain and food consumption during each segment of pre-mating and gestation periods in the Non-treated and Jacket groups. 13.4 ± 4.5 9.8 ± 4.0 7.1 ± 2.8 5.1 ± 2.0 2.6 ± 2.2 1.3 ± 1.8 0.5 ± 0.5 0 18 NT 8.4 ± 3.6** 4.0 ± 2.5 ## 0.0 ± 1.9** −2.2 ± 2.7** −5.5 ± 2.4** −4.1 ± 2.1** −1.9 ± 1.9 ## 0 20 JK Unit: %; N, number of dams; NT, non-treated group; JK, jacket group; †, day of withdrawal from jacket; ‡, day of cesarean section in both groups; Body weight change, difference in body weight from baseline value on gestational day −9 and respective days on jackets (%). **: p<0.01, significant difference from Non-treated group (Student's t-test). ## : p<0.01, significant difference from Non-treated group (Aspin-Welch t-test). −0.10 ± 0.09 8 9.8 ± 7.2 8 GD 0 −0.10 ± 0.04 8 14.5 ± 5.0 8 GD 6 GD, gestational day; N, number of dams; RD, days required for recovery of body weight from the bottom up to baseline value; MNW, maximum weight reduction after putting on protective jacket; GD −9 group, animals wore jackets from GD −9 to 19; GD 0 group, animals wore jackets from GD 0 to 19; GD 6 group, animals wore jackets from GD 6 to 19; GD 0 and 6 groups, data cited from the previous study abnormalities and skeletal variations, mean with standard deviation were calculated for each group. Significance of differences between the two groups was tested by Wilcoxon's rank-sum test.
JK (Mean
Statistical differences between the previous and present data were tested; analysis of the data for homogeneity of variance by Bartlett's method (Snedecor and Cochran, 1980) and mean values between groups by Student's t-test, Aspin-Welch's t-test or Wilcoxon's rank-sum test.
RESULTS AND DISCUSSION
Overall there were no noticeable differences between the two groups. Occasional decreases in fecal amount and lack of defecation through pre-mating and gestation periods were noted in both groups.
Daily body weight changes following the wearing of jackets as expressed percentile changes compared to that on GD −9 (baseline value) are shown in Fig. 1 and Table 1. All the values in the JK group were low and the differences between groups were statistically significant. The decrease in body weight was noted immediately after the start of wearing jackets on GD −9 and reached the maximum of about −5.5% on GD 0. Where a 2.6% increase was recorded in the NT group on the same day. Then the body weight switched over a rapid increase up to the end of the observation period in the JK group and the differences from the NT group became smaller throughout the whole gestational periods. Table 2 shows group means of body weight gain and food consumption during each segment of gesta- 0.014 ± 0.007 18 GD 6 to 19 GD, gestational day; N, number of dams; BWG, body weight gain per day during GD −9 to 0, GD 0 to 19 and GD 6 to 19. 2458 ( 9.0 ± 0.5) 157 (7.9 ± 2.4) 157 ( 8.7 ± 2.1) No. of implantation (mean ± SD) 86.9 ± 4.3 84.1 ± 22.3 85.2 ± 14.5 Implantation index (%, mean ± SD) ‡ 6.4 ± 3.1 3.3 ± 7.3 8.1 ± 17.1 Post-implantation loss (%, mean ± SD) § 294 20 18 No. of dams 2471 (8.4 ± 0.5) 150 (7.5 ± 2.4) 143 (7.9 ± 2.4) No. of fetuses (mean ± SD) 34.9 ± 1.1 37.5 ± 3.2 36.9 ± 2.9 Fetal body weight (g, mean ± SD) male 33.9 ± 0.8 36.3 ± 4.5 36.1 ± 2. No. of fetuses with skeletal abnormalities (2.7 ± 1.7) (5.0 ± 9.1) (1.5 ± 4.5) (%, mean ± SD) ¶ 51 3 3 No. of fetuses with skeletal variations (2.2 ± 1.7) (1.8 ± 4.5) (1.6 ± 3.7) (%, mean ± SD) ¶ NT, Non-treated group; JK, Jacket group; BG, Background data during Vol. 32 No. 5 tion in both groups. Effects of putting on jackets were marked in the first segment of gestation (GD −9 to 0) in the JK group; body weight decreased and resulted in negative weight gain. Food consumption als o decreased and the differences between the two groups were statistically significant. In the JK group, food consumption during the last segments of pregnancy (GD 12 to 19, GD 19 to 28) decreased slowly when compared to the values in the NT group. These differences were probably ascribed to "rebound-like" effects to recover poor weight gain and food consumption in earlier segments accompanied with acclimation to jackets. Table 3 shows group mean days required for recovery to the baseline values from the maximum reduction of body weight in the JK group together with comparable previous data. These data show that pregnant rabbits require about 19, 10 or 15 days of acclimation to jackets when the animals were subjected to wearing jackets from GD −9, 0 or 6, respectively. The maximum weight reduction was recorded in the group subjected to wearing jackets from GD −9. The possible explanation is that daily body weight gain is small during GD −9 to 0 as compared with that during GD 0 to 19 or GD 6 to 19 in the non-treated group as shown in Table 4 . These differences appear to reflect physiological conditions of animals in non-pregnant and pregnant stages. Non-pregnant rabbits seemed to gain less 100 ± 0 100 ± 0 100 ± 0 1st 100 ± 0 100 ± 0 100 ± 0 2nd 100 ± 0 100 ± 0 100 ± 0 3rd 100 ± 0 100 ± 0 100 ± 0 4th 83.8 ± 4.4 88.5 ± 14.4 82.0 ± 18.6 5th 89. 5.00 ± 0 5.00 ± 0.00 5.00 ± 0.00 Distal phalanges Right hindlimbs 4.00 ± 0 4.00 ± 0.00 4.00 ± 0.00 Metatarsal phalanges 4.00 ± 0 4.00 ± 0.00 4.00 ± 0.00 Proximal phalanges 3.95 ± 0.05 3.99 ± 0.03 3.99 ± 0.03 Middle phalanges 4.00 ± 0 4.00 ± 0.00 4.00 ± 0.00 Distal phalanges Left hindlimbs 4.00 ± 0 4.00 ± 0.00 4.00 ± 0.00 Metatarsal phalanges 4.00 ± 0 4.00 ± 0.00 4.00 ± 0.00 Proximal phalanges 3.95 ± 0.05 3.99 ± 0.03 3.99 ± 0.03 Middle phalanges 4.00 ± 0 4.00 ± 0.00 4.00 ± 0.00 Distal phalanges 19.6 ± 0.1 19.5 ± 0. weight than the pregnant and required a long time to recover from the restraining effects of the jackets.
As shown in Tables 5 and 6 , no noticeable effects of the jackets wearing on various parameters of prenatal development and morphology of fetuses were observed.
Apart from temperature changes, mated or pregnant rabbits are known to be insensitive to other distressing effects; housing in restraining cages exerted no effects on LH surge and ovulation (YoungLai and Dimond, 1976) and restricted feeding induced no effects on morphology of fetuses (Breslin et al., 2000; Matsuoka et al., 2006; Matsuzawa et al., 1981; Petrere et al., 1993) . The present trial with restraining devices again confirmed previous results and revealed no effects on various parameters or fetuses morphology.
In conclusion, acclimation to the restraining device (protecting jackets) starting 9 days prior to mating up to GD 19 induced more prolonged effects on body weight loss than the previous findings where the jackets were attached from GD 0 to GD 19 or GD 6 to GD 19 and the time of starting the acclimation with the jackets appears to play a great role in reducing body weight loss.
